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Abstract
Objective—To determine if visual field (VF) loss from glaucoma is associated with greater fear
of falling.

Design—Prospective observational study.

Participants—Fear of falling was compared between 83 glaucoma subjects with bilateral VF
loss, and 60 control subjects with good visual acuity and without significant VF loss recruited
from patients followed for suspicion of glaucoma.

Methods—Participants completed the University of Illinois at Chicago Fear of Falling
Questionnaire. The extent of fear of falling was assessed using Rasch analysis.

Main Outcome Measures—Subject ability to perform tasks without fear of falling was
expressed in logits, with lower scores implying less ability and greater fear of falling.

Results—Glaucoma subjects had greater VF loss than control subjects (median better-eye mean
deviation (MD) of −8.0 decibels [dB] vs. +0.2 dB, p<0.001), but did not differ with regards to age,
race, gender, employment status, the presence of other adults in the home, body mass index
(BMI), grip strength, cognitive ability, mood, or comorbid illness (p≥0.1 for all).

In multivariable models, glaucoma subjects reported greater fear of falling as compared to controls
(β= −1.20 logits; 95% Confidence Interval [CI] = −1.87 to −0.53; p=0.001), and fear of falling
increased with greater VF loss severity (β= −0.52 logits per 5 dB decrement in the better eye VF
MD; 95% CI = −0.72 to −0.33; p<0.001). Other variables predicting greater fear of falling
included female gender (β= −0.55 logits; 95% CI = −1.03 to −0.06; p=0.03), higher BMI (β=
−0.07 logits per 1 unit increase in BMI; 95% CI = −0.13 to −0.01; p=0.02), living with another
adult (β= −1.16 logits; 95% CI = −0.34 to −1.99 logits; p=0.006), and greater comorbid illness (β=
−0.53 logits/1 additional illness; 95% CI = −0.74 to −0.32; p<0.001).

Conclusions—Bilateral VF loss from glaucoma is associated with greater fear of falling, with
an impact that exceeds numerous other risk factors. Given the physical and psychological
repercussions associated with fear of falling, significant quality of life improvements may be
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achievable in patients with VF loss by screening for, and developing interventions to minimize,
fear of falling.

INTRODUCTION
Falls are the leading cause of injury-related death in the elderly, accounting for the nearly 3
times as many deaths as motor vehicle accidents.1 Visual field (VF) loss from glaucoma is
associated with a higher risk of falling,2,3 and nearly half of those with glaucoma fall over
the course of a year.4 Additionally, glaucoma is associated with higher rates of injurious
falls and fractures.4,5

Falls also exert a tremendous psychological impact on the individual because of a change in
their perception of capability. Fear of falling is a widely used metric which captures this
impact and is considered an important health outcome,6 even in individuals who have not
had a recent fall.7 Several questionnaires have been used to measure fear of falling,8 and
greater fear of falling is associated with decreased physical activity, loss of independence,
reduction of social activity, lower quality of life, and depression.9–13

While the association of falls with visual acuity and VF loss has been examined in several
studies, few studies have examined fear of falling amongst individuals with visual
limitations. Additionally, many of these studies did not formally test visual function. Fear of
falling was assessed prospectively in the Beaver Dam Eye Study through a single question,
and individuals with a baseline best-corrected visual acuity of 20/40 or worse had a nearly 3-
fold increase in incident fear of falling.14 Fear of falling in glaucoma was also assessed in a
single study, though again was assessed with only a single question.15 Here, we use a
previously-validated questionnaire16 to test the hypothesis that glaucoma, which is
associated with worse balance and more falls, 17 is also associated with greater fear of
falling.

METHODS
The study protocol was approved by the Johns Hopkins Medicine Institutional Review
Board. All study participants signed written informed consent and participated in the study
between July 2009 and June 2011.

Enrollment Criteria
Subjects were recruited from a convenience sample of patients receiving care at the Johns
Hopkins Wilmer Eye Institute. Individuals were between age 60 and 80, and met additional
criteria qualifying them for either the glaucoma suspect (control) or glaucoma group.
Control subjects also satisfied all three of the following criteria: (1) a physician diagnosis of
ocular hypertension or glaucoma suspect based on optic nerve and VF findings, (2) an Early
Treatment of Diabetic Retinopathy Study (ETDRS) presenting acuity ≥ 20/40 in each eye,
and (3) VF testing that demonstrated a mean deviation (MD) better than −5 decibels (dB) in
both eyes, a MD better than −3 dB in at least 1 eye, and glaucoma hemifield test (GHT)
results of “within normal limits”, “borderline”, or “general reduction of sensitivity” in both
eyes. Other GHT results were accepted in VF tests classified as “low test reliability” or
“excessively high false positives” as long as MD criteria were still met. Glaucoma subjects
also satisfied all 3 of the following criteria: (1) a physician diagnosis of primary open angle
glaucoma, primary angle closure glaucoma, pseudoexfoliation glaucoma, or pigment
dispersion glaucoma based on optic nerve, VF, and anterior segment assessment, (2) a
better-eye VF MD ≤-3 dB in both eyes, and (3) a GHT result of “outside normal limits”,
“borderline”, or “generalized reduction of sensitivity” in both eyes. No subject was included
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in either group include who had: (1) ocular laser treatment in the previous week, (2) non-
ocular surgery or hospitalization in the past 2 weeks, or (3) eye surgery in the past 2 months.

VF parameters were derived from Swedish Interactive Testing Algorithm (SITA) standard
24-2 tests performed over the past 12 months on a Humphrey Field Analyzer II perimeter
(Carl Zeiss Meditec, Dublin CA). The better-seeing eye was defined as the eye with the
higher (less negative) mean deviation (MD). In some glaucoma patients, recent VF testing in
one or both eyes was a 10-2 test. If the most recent VF test was a 10-2 in only one eye, the
better-eye MD was taken from the results of the 24-2 test performed in the other eye. If the
most recent VF test was a 10-2 in both eyes, the last 24-2 test was for each eye was
identified, and the better-eye was defined as the eye with the higher VF MD taken from
these 24-2 tests.

Evaluation of Fear of Falling
Fear of falling was evaluated using a previously validated questionnaire.16 Questionnaires
were administered orally to subjects during an in-person interview. Subjects were asked
about how much fear they would have if they were to perform any of 16 different tasks,
regardless of whether these tasks were performed recently or not. Four possible responses
were accepted for each question: “Not worried”, “A little worried”, “Moderately worried”,
or “Very worried”. “Moderately worried” or “A little worried” were combined into a single
category as previously described.16

Evaluation of Vision and Health
Right and left eye visual acuities were determined using a back-lit ETDRS charts at either 1
or 4 meters. Acuities were measured with subjects wearing their habitual correction, which
is most likely to reflect their function in daily life. Better-eye acuity was transformed to the
logarithm of the minimum angle of resolution (logMAR) for analysis.18 Eyes with visual
acuities of count fingers and hand motions or worse were assigned logMAR acuities of 1.8
and 2.3 respectively, corresponding to being able to read the top line of the ETDRS chart at
either 63 cm or 20 cm.19 Contrast sensitivity was evaluated under binocular conditions using
Pelli-Robson charts at 1 meter, and expressed in log units as previously described.20

Standardized questionnaires were used to evaluate several variables potentially confounding
the relationship between VF loss and fear of falling. Collected personal and
anthropomorphic information included age, gender, race, height and weight. Comorbid
illnesses were evaluated using a standardized questionnaire.21 Depressive symptoms were
evaluated with the Short Form of the Geriatric Depression Scale, with symptoms defined as
present with scores ≥5.22 Cognitive ability was assessed with the visually impaired version
of the Mini-Mental State Exam (MMSE).23

Grip strength was assessed using a Jamar hand dynamometer (Sammons Preston, Inc.,
Bolingbrook, IL) with strength recorded in kilograms of force. Subjects were asked to use
their dominant hand to squeeze as hard as possible, and the mean of three consecutive trials
was taken as the measure of grip strength. Height and weight were directly measured and
used to calculate body mass index (BMI).

Both eyes were directly examined after pupillary dilation to evaluate for significant
lenticular changes, defined by any of the following: (1) Nuclear sclerosis greater than grade
2 on the Wilmer Cataract Grading system,24 (2) blocked retroillumination in ≥ 4/16th of the
pupil due to cortical changes,25 (3) any opacity in the central 3 mm of the posterior capsule,
or (4) posterior capsular opacification (PCO) in pseudophakic eyes demonstrating changes
more than the mild image displayed in Findl et al.26
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Statistical Methods
Group differences were evaluated using chi squared analyses for categorical variables, and
either t-test or Wilcoxon rank-sum test for continuous variables. Rasch analysis was
performed using Winsteps (Winsteps, Chicago, IL) in order to estimate linear item measure
scores for each task and linear person measure scores for each study participant from their
responses to the individual fear of falling questions. Both item measure scores and person
measure scores are expressed in a log-odds metric, or logits, along the same scale. The zero
value of the scale is defined by the average challenge of the included item measures. Higher
item scores reflect more difficult tasks which can be performed without fear of falling only
by individuals of greater ability (those with greater person measure scores). Lower item
scores represent easier tasks which only elicit fear of falling in individuals with less ability
(those with lesser person measure scores).

Factors influencing the overall likelihood of fear of falling were first evaluated in age and
comorbidity-adjusted linear regression models using the Rasch model estimated person
measure scores (in logit units) as the dependent variable. Age was included in these
preliminary analyses because of the strong association of fear of falling with older age,8

while comorbidity was included to remove skewing of model residuals and allow the use of
linear regression. Multivariable analyses were conducted using reverse stepwise regression
with an inclusion cutoff of p<0.1. Age, gender, race, comorbidity and the relevant metric(s)
of vision loss were fixed as model covariates. Post-Rasch analyses were performed using
STATA 11 (College Station, Texas).

RESULTS
Sixty control subjects and 83 glaucoma subjects enrolled in the study, and all enrolled
subjects completed the fear of falling questionnaire. Control and glaucoma subjects did not
significantly differ in age, racial distribution, gender, education level, employment status, or
the likelihood of living alone (p>0.05 for all) (Table 1). Measures of non-visual health were
also similar across groups, with glaucoma subjects demonstrating a similar BMI, grip
strength, number of comorbid illnesses, frequency of depressive symptoms, and cognitive
ability as compared to controls (p>0.05 for all). Glaucoma subjects had greater VF damage
than controls, with a median better eye MD of −8.0 dB (Interquartile range [IQR]= −16.5 to
−4.8 dB) vs. +0.2 dB for controls (IQR= −0.6 to +0.9 dB; p<0.001). Median worse eye MD
was −16.7 dB for glaucoma subjects (IQR= −10.4 to −24 dB) as compared to −0.7 dB
(IQR= −0.1 to −1.5 dB) for controls (p<0.001). Glaucoma subjects also had lower contrast
sensitivity (median log contrast sensitivity = 1.50, IQR=1.35 to 1.75 vs. median of 1.85,
IQR=1.80 to 1.95; p<0.001), and worse logMAR visual acuity in the better eye
(median=0.16, IQR=0.08 to 0.34 vs. median=0.08, IQR=0 to 0.16; p<0.001). Unilateral, but
not bilateral, cataract/PCO was more common amongst glaucoma subjects.

A Rasch model was constructed to estimate scores reflecting how much fear of falling was
associated with each task (item measure scores), and how much fear of falling each study
subject had with the tasks evaluated (person measure scores). Higher item measure scores
reflect greater task difficulty, and greater fear of falling associated with that item. Higher
person measure scores indicate the ability to perform more difficult tasks (i.e. those with
higher item measure scores) without fear of falling. Lower person measure scores reveal that
only simpler tasks (with lower item measure scores) can be performed without fear,
implying greater fear of falling. Item and person measure reliabilities were 0.82 and 0.95,
respectively, indicating that 82% and 95% of the variance in item and person measure scores
were attributable to true differences in the items or people, and not estimation error. A high
correlation (R2=0.86) was observed between the item measure scores obtained in the current
study and scores derived from the original validation sample described by Velozo et al.
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(Figure 1).16 The item measure scores associated with the tasks evaluated, and the
distribution of person measure scores with regards to these person measures is shown in
Figure 2.

Variables predicting fear of falling person measure scores were first assessed in linear
regression models adjusting for age and comorbid illness (Table 2). Glaucoma was
associated with greater fear of falling (β= −1.02 logits; 95% Confidence Interval [CI]=
−1.75—0.30; p=0.006), and greater fear of falling was found with more severe VF loss
(Figure 3). Additional factors predicting fear of falling in models adjusting for age and
comorbid illness included female gender, lower grip strength, and depressive symptoms
(p<0.001 for all). Comorbid illness was also associated with greater fear of falling after
adjusting for age (p<0.001).

Predictors of fear of falling were further investigated using multivariable linear regression
models with Rasch-estimated person measure scores as the dependent variable (Table 3).
Significantly more fear of falling was present in subjects with glaucoma as compared to
subjects without glaucoma (β= −1.20 logits; 95% CI= −1.87 to −0.53; p=0.001). In separate
multivariable models, more fear of falling occurred with greater VF damage (β= −0.52
logits per 5 dB decrement in the better-eye VF MD; 95% CI = −0.72 to −0.33; p<0.001),
lower contrast sensitivity (β= −0.17 per 0.1 unit lower log contrast sensitivity; 95% CI =
−0.09 to −0.25; p<0.001), and worse visual acuity (β= −0.14 logits per 0.1 logMAR
increment; 95% CI = −0.25 to −0.03; p=0.02). Additional variables predictive of greater fear
of falling in multivariable models included female gender, more severe comorbid illness,
higher BMI and living with another (p<0.05 for all). When the presence of cataract/PCO
was added to multivariable models, the association of glaucoma and greater fear of falling
remained (β= −1.30, p<0.001). When severity of VF loss, contrast sensitivity, and visual
acuity were all included in a single model, VF loss remained a significant predictor of fear
of falling (p=0.01), while contrast sensitivity and acuity were no longer significant
predictors (p>0.3 for both).

DISCUSSION
Our study is the first to characterize fear of falling in vision loss through the use of validated
questionnaire. While previous research suggested that glaucoma was not related to fear of
falling on the basis of a single question, our results suggest that glaucoma is associated with
greater fear of falling, and that fear of falling is more severe with greater VF loss. Fear of
falling remained associated with VF loss severity even after adjusting for decreased visual
acuity, suggesting that multiple forms of visual impairment may produce fear of falling.14

Previous falls are a significant risk factor for fear of falling,8 and several papers have
suggested that glaucoma increases the risk of actual falls.2,3 However, most of these studies
evaluated falls retrospectively, and falls were not evaluated in this cross-sectional study
given that retrospective falls assessment correlates poorly with prospective fall
documentation.27 One recent publication evaluated falls prospectively in a group of
glaucoma patients and found that nearly one-half had fallen during a year of follow-up, with
fall risk increasing significantly with the degree of VF loss.4 Additionally, fear of falling
frequently occurs independently of a fall, suggesting that fear of falling is not purely a side
effect of falls.28 Fear of falling is associated with avoidance of activity,9 reduction of social
activity,10 and depression.11 Greater fear of falling also predicts future loss of
independence12 and future decreases in quality of life measures,13 making it an important
aspect of health to be addressed independent of falls.
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Fear of falling is a plausible intermediary in the pathway between glaucomatous VF loss and
decreased health and well-being. Glaucoma is associated with decreased balance29 and a
greater likelihood of bumping into objects while walking.30 These deficits likely contribute
towards fear of falling either directly or as a result of a fall. Fear of falling, in turn, may
explain the slower walking speeds observed in glaucoma15,30 and lead to restriction of
physical activity and travel outside the home,31,32 resulting in decreased independence and
lower quality of life.33,34

Our analyses revealed several other factors associated with greater fear of falling, including
female gender, decreased strength, and higher BMI. These findings corroborate the results of
previous studies describing risk factors for fear of falling in the elderly population.6,8 Age
has been associated with fear of falling in numerous other studies8 but was not a risk factor
here, possibly because only subjects over a relative narrow range of ages were studied.
Living alone was associated with less fear of falling in the current study, possibly reflecting
the need for individuals with greater fear of falling to live with another for support. Finally,
an increased number of comorbid illnesses was associated with greater fear of falling,
though the impact of each additional comorbid illness was less than one-half the impact of
glaucoma (−0.53 vs −1.20 logits). These findings suggest that the increase in fear of falling
associated with bilateral glaucoma is large and clinically significant.

There is active research in the geriatrics community to develop methods for preventing falls
and reducing fear of falling35 but, to our knowledge, no clinical trials have focused on
reducing falls and/or fear of falling in the visually impaired. In-clinic low vision services
cannot and do not address mobility extensively. Fear of falling may be addressed by
orientation and mobility services, but how well these services address falls or fear of falling
is unknown. Additionally, orientation and mobility services are not always available, and are
likely underutilized even when available. Given the significant levels of fear of falling
observed in this study, more effort is required to make decreasing fear of falling a
therapeutic goal in the care of glaucoma patients, particularly among patients with advanced
bilateral disease.

Fear of falling was studied here using a previously-developed Rasch analytic model.16 The
use of Rasch analysis allowed for objective scaling of questionnaire responses, unlike other
approaches which give equal weight to questions evaluating fear during tasks of varying
difficulty.9,36 The questionnaire used here was originally validated for a general elderly
population, but also functioned well in our study population, demonstrating good reliability
with regards to both person measure and item measure scores. Additionally, the relative
degree of fear of falling associated with various tasks estimated from our results agreed with
those previously reported,16 suggesting that the settings in which individuals with glaucoma
experience fear of falling are similar to those that elicit fear in the general elderly
population. As such, the current questionnaire represents a good choice for additional
studies looking at fear of falling in older adults with vision loss.

One limitation of the current study is that participation may have been biased towards
individuals with greater ability. Indeed, nearly half the individuals in each study group were
employed, despite a mean age of 70. While attempts were made to perform study procedures
on the same day as a clinical visit, it did require either an extra trip to the clinic and/or extra
time in the clinic, which may have placed a heavier burden on those with greater fear of
falling, thus discouraging participation. Additionally, subjects were recruited from a large
tertiary care center which individuals with fear of falling may be less likely to attend due to
fears of urban driving and/or the need to walk considerable distances from the parking lot to
the clinic. Also, all individuals knew about their disease, which may bias individuals with
greater levels of VF loss towards reporting greater fear of falling. However, individuals in
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this same study also demonstrated impairment of mobility in several objective measures,
including how much physical activity they performed and how much they left their
home.31,32 Furthermore, controls subjects were taken from glaucoma suspects, and not
individuals with normal eyes, such that all subjects knew that had some level of glaucoma.
While the choice of glaucoma suspects as a control group may have led us to underestimate
the impact of VF loss from glaucoma on fear of falling, the minimal amount of VF loss in
the control group (mean better-eye VF MD of 0.0 dB) suggests that this bias is unlikely to
be significant.

Glaucoma has a significant impact on fear of falling even at levels where individuals would
not be classified as “blind”. Additionally, fear of falling is substantially higher with modest
steps of disease severity, with each 5 dB decrement in the better-eye VF associated with an
increase in fear of falling comparable to 1 additional comorbid illness. The social,
psychological, and physical consequences of fear of falling are substantial and well-
documented,6,8 suggesting that fear of falling may be an important factor linking glaucoma
to decreased quality of life. Better patient care of glaucoma patients can be achieved through
the development, validation, and implementation of methods to address fear of falling in this
at-risk population.
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FIGURE 1.
Comparison of item measure scores derived from the current study and from the original
validation sample.
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FIGURE 2.
Distribution of fear of falling item measure and person measure scores.
Fear of falling item and person measure scores are mapped to the same scale. Lower person
measure scores indicate greater fear of falling in the individual, while lower item measure
scores indicate less task difficulty. Item measure scores are found at the midpoint of the
modeled no fear to little/moderate fear and little/moderate to severe fear transition points.
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FIGURE 3.
Fear of falling levels by severity of visual field loss.
Lower fear of falling scores indicate greater fear of falling, evidenced by fear with easier
tasks. The relationship between fear of falling scores and better-eye mean deviation is
plotted as a linear relationship using bivariate regression.
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Table 1

Characteristics of interviewed subjects by glaucoma status.

No glaucoma (n=60) Glaucoma (n=83) p value

Vision

 Visual field MD (better eye)* 0.2 −8.0 <0.001

 Better-eye Acuity, logMAR* 0.08 0.16 <0.001

 Binocular log CS* 1.85 1.50 <0.001

 Sig. cataract/PCO, either eye (%) 23.2 37.4 0.08

 Sig. cataract/PCO, both eyes (%) 10.7 14.5 0.52

Demographics

 Age (Years) 69.5 70.4 0.28

 African-American Race (%) 20.0 32.5 0.10

 Female Gender (%) 61.7 53.0 0.30

 Education (years) 15.3 14.7 0.23

 Employed (%) 38.3 42.2 0.65

 Lives alone (%) 18.3 19.3 0.89

Health

 Body Mass Index 28.5 28.3 0.79

 Grip strength (kg) 27.5 29.3 0.26

 Comorbid illnesses (#) 2.5 2.2 0.27

 Depressive symptoms (%) 5.0 6.2 0.79

 MMSE-VI score 20.8 20.5 0.39

*
Indicates median values.

MD = mean deviation, logMAR = logarithm of the minimum angle of resolution; CS = Contrast sensitivity; PCO = Posterior Capsular
Opacification; Sig. = Significant; MMSE-VI = Mini-mental status examination for the visually impaired
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Table 2

Predictors of fear of falling, adjusted for age and comorbid illness

Variable Interval Δ Fear of Falling score (logit units)* p value

Vision

 Glaucoma Present −1.02 0.006

 VF loss MD, bettereye 5 dB worse −0.47 <0.001

 Contrast Sensitivity 0.1 log units worse −0.16 <0.001

 VA, better eye 0.1 logMAR worse −0.15 0.01

 Cataract/PCO Present, either eye −0.43 0.29

Demographics

 Gender Female vs. Male −0.73 <0.001

 Employed Yes +0.62 0.12

 Lives alone Yes +0.70 0.14

 Age 5 years older +0.03 0.86

 Education 4 years more +0.38 0.14

 Race African-American +0.09 0.83

Health

 Grip Strength 1 kg more force +0.08 <0.001

 Comorbidities 1 more illness −0.57 <0.001

 Depressive symptoms Present −3.28 <0.001

 MMSE-VI score 5 points lower −0.51 0.39

 Body mass index 1 higher −0.03 0.44

*
Scores are derived from Rasch analytic model. Higher scores indicate greater ability, or less fear of falling. Therefore, factors associated with a

negative change in score are associated with greater fear of falling.

VF – Visual field; MD = Mean deviation; dB – decibels; VA – visual acuity; logMAR – Logarithm of the minimum angle or resolution; PCO =
Posterior capsule opactification; MMSE-VI – Mini-mental state exam for the visual impaired
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Table 3

Predictors of fear of falling, multivariable analysis

Variable Interval Δ Fear of Falling score (logit units)* p value

Vision**

 Glaucoma Present −1.20 0.001

 VF loss MD, bettereye 5 dB worse −0.52 <0.001

 Contrast Sensitivity 0.1 log units worse −0.43 <0.001

 VA, better eye 0.1 logMAR worse −0.14 0.02

Non-vision***

 Comorbidities 1 more illness −0.53 <0.001

 Lives alone Yes +1.16 0.006

 Body mass index 1 higher −0.07 0.02

 Gender Female vs. Male −0.55 0.03

 Grip Strength 1 kg more force +0.04 0.08

 Race African-American +0.45 0.24

 Age 5 years older −0.07 0.68

*
Scores are derived from Rasch analytic model. Higher scores indicate greater ability, or less fear of falling. Therefore, factors associated with a

negative change in score are associated with greater fear of falling.

**
Coefficients for vision variables were each derived from separate multivariable models including all non-visual covariates shown.

***
Coefficients for non-vision variables were all derived from a single multivariable model including better-eye MD and all non-visual Variables

shown

VF – Visual field; MD = Mean deviation; dB – decibels; VA – visual acuity; logMAR – Logarithm of the minimum angle or resolution; MMSE-VI
– Mini-mental state exam for the visual impaired
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